Background: Wide distribution and low half-life of acyclovir has led to a high dose consumption of the drug. Recent studies have shown that encapsulation of acyclovir in nano-carriers can increase effectiveness and decrease its side effects. We investigated the inhibitory effect of acyclovir loaded nano-niosomes against herpes simplex virus type-1 (HSV-1) in cell culture.
Introduction
Herpes simplex virus types 1&2 belong to Alpha-herpesvirinae sub-family of Herpesviridae family. HSV virus genome has a double stranded DNA which codes over 70 gene products. HSV infection is the most common viral infections in human and causes an extended range of diseases (1, 2) . There are several antiviral drugs which are effective against HSV infections that most of them inhibit viral DNA synthesis. Acyclovir (ACV), a synthetic analogue of 2 deoxiguanosine , is the drug of choice against HSV infections (3) . Recently, physicians and researchers are faced with the problem of elongated treatment with acyclovir due to the formation of drug resistant mutants and toxicity of the drug (4, 5) . Treatment with acyclovir has many limitations. The oral absorption has low bioavailability ranging from 10% to 30%. The mean plasma half-life of acyclovir is reported to be 2 to 3 h, so repetitive high dose of acyclovir for treatment is necessary (6, 7) . Niosomes are non-ionic surfactant vesicles that formed a bilayer structure (8) . These structures are similar to liposomes that can serve as drug carriers (9) . Niosomes are preferred compared to traditional liposomes because they are biodegradable, biocompatible and also have more chemical and physical stability, low toxicity and cost (10, 11) . Recently niosomes were investigated for the delivery of drug, and also other bioactive (12) . The main objective of this study was to determine the inhibitory effect of acyclovir loaded nano-niosomes against herpes simplex virus type-1 (HSV-1) in cell culture.
Methods

Preparation of acyclovir loaded nanoniosomes
Span60/Cho/DCP (65:30:5), Span60/Cho/ TPGS (55:30:15) and span60/Cho niosomes were prepared by thin film hydration method. Briefly, the lipid mixture consisted of cholesterol, span, DCP or TPGS were dissolved in chloroform and added to a 250-ml round bottom flask. The mixture was placed in a rotary vacuum evaporator at 150 rpm to evaporate the solvent at 60˚C. A thin film of dried lipids was hydrated with solution of acyclovir in phosphate buffer saline and continued for 70 min. Then prepared niosomal dispersion was sonicated at 60˚C for 60 min. After sonication, the niosomes were kept at room temperature for 60 min to form the vesicles. The prepared niosomes were characterized in terms of encapsulation efficiency (EE), particle size and in-vitro drug release.
Cell culture and viruses
HeLa cells were grown in disposable plastic dishes or in 24 well plates and incubated in Dulbeccos Modified Eagles (DMEM) supplemented with 8% fetal bovine serum (FBS), 100 IV/ml of penicillin and 100 ug/ml of streptomycin. Herpes simplex virus type 1 (HSV-1) was isolated from a patient and identified by specific monoclonal anti HSV-1 antibodies.
Virus titration
Virus titration was performed by both TCID 50 procedures in HeLa cells. For TCID 50 cells were grown in 24 wells tissue culture dishes and the test was performed according to the Reed & Muench method.
Cell viability assay
We used MTT method to evaluate the cytotoxicity effect of ACV-N, E-N and ACV against HeLa cells. MTT assay was performed according to the standard method described by Mosmann (13) . HeLa cells were seeded in 96-well plates at a density of 5×10 3 / well. Then incubated with ACV-N, E-N and ACV for 48 h at 37˚C. Then 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to the wells and incubated for 2 h at 37˚C to allow the conversion of MTT to Formazan by the mitochondrial dehydrogenase. Formazan crystals were dissolved in DMSO and its absorbansy was determined at 570 nm using a 96-well plates Reader (MRX, Dynex, USA). The viability of each formulation was calculated and presented as a percentage, by comparing with the untreated cells.
Evaluation of antiviral activity
The titer of the virus was 1×10 HeLa cells were seeded in 96-well plates and incubated at 37˚C and 5% CO2. When the cells reached 75% of confluency, they were infected with HSV-1(MOI 0.01 pfu/cell) and incubated at 37˚C for 1 h to allow viral adsorption. The medium was then removed and replaced with fresh medium containing different concentrations of ACV-N, E-N and ACV. After 24 h incubation, the antiviral activity of ACV-N, E-N and ACV against HSV-1 was determined. The end-point of the test was the inhibitory concentration of drug that decreased virus yield by 50% in HeLa cells.
Results
Cellular toxicity
The toxicity of all formulations was studied by MTT method. The viability values were depicted in percentage compared to the non-treated cells. Figure 1 shows no considerable toxicity of different formulations at concentration of up to 100 µM after 48 h of incubation.
Antiviral activity of acyclovir loaded niosomes
The antiviral activity of ACV-N and ACV against HSV-1 were evaluated by TCID 50 method. Figure 2 shows the effects of different concentration of ACV-N and ACV on the HSV-1 replication at 24 h. The efficient concentration to inhibit 50% of virus replication (TCID 50 ) for ACV-N and the drug solution was 1 M and 3 M respectively. These results show that the niosomes containing acyclovir has 3 times greater antiviral activity than free drug. Whereas niosomes without acyclovir shows no antiviral activity (data not shown).
Discussion
Viruses are intracellular parasites that depend on the host cell for their replication. So, limited number of viral replication steps can be targeted by antiviral drugs. Generally, these targets are viral proteins and these are vital for viral replication and pathogenesis. Moreover, most of viral functions are specific for each virus and make it hard to develop antiviral materials. There is a need to search for new and more effective antiviral agents. For example, plant derivatives occupy an important place in the field of chemotherapeutic research in recent years (14) . Also, the extracts of some me- The inhibitory effect of Acyclovir loaded nano-niosomes against … dicinal herbs were investigated as potential candidates for treating HSV infection (15) . On the other hand, the development of new drug formulations changes the feature of antiviral molecules. More developments can be obtained through the use of new delivery systems for antiviral administration. For example, nanotechnology has helped us to develop nano delivery system by niosomes which was a good delivery tool comparing with the other drug delivery systems. Nano-technological strategy is useful to improve the design, formulation and delivery of antiviral drugs. This modern therapeutic nano-materials, also called nanopharmaceuticals, shows especial distinctive role (16) . Nano-particles can take small molecules, as well as proteins and nucleic acids, with a useful applications and target to specific sites where the antivirals are needed. Niosomes, non-ionic surfactant vesicles (NSVs), are the hydrated lipids containing non-ionic surfactants along with cholesterol or other lipids composing mainly of different classes of non-ionic surfactant and they can entrap both hydrophilic and hydrophobic drugs (17) . Nowadays, niosomes are used as drug delivery systems, delivering drug to targeted site which are non-toxic, needs less production cost and steady over a longer period of time in different conditions (9, 18, 19) . In this study, the toxicity of different concentrations of all formulations was studied by MTT method. The viability was showed in percent compared to non-treated cells. Figure 1 shows that at the highest acyclovir concentration tested, 100 µM, the amount of toxicity was relatively low, at about 10%. However the toxicity decreased by reducing the acyclovir concentration. The lack of toxicity in non-treated cells was due to this fact that acyclovir is a pro-drug and need to be phosphorylated by viral thymidine kinase (20) . The antiviral activity of ACV-N, E-N and ACV was determined by TCID 50 method. The assays were tested in HeLa cells. Figure 2 shows the effect of different concentration of ACV-N and ACV on HSV replication at 24 h. These results showed that, the ACV-N seemed to be more efficient than ACV, whereas E-N presented no antiviral activity (data not shown). The higher antiviral activity of ACV-N compared to ACV as a free drug may be attributed to the interactions of niosomes with cells, which have been reported to enter cells by fusion or endocytosis (21) . On the other hand, this higher antiviral activity might be attributed to the uptake of different colloidal carriers that is correlated to the membrane perturbation caused by the virus (22) . We found that niosomes in transferring the acyclovir had 3 times greater antiviral activity than acyclovir. Therefore the niosomal formulation could be a promising drug delivery system capable of increasing the antiviral activity of acyclovir.
Conclusion
The results of this study revealed that ACV-N have a higher antiviral activity compared with the free drug. ACV-N did not show cytotoxic effects on Hela cells. The results suggest that niosomal formulation could be a promising drug delivery system for acyclovir. This study indicated that ACV-N have nearly 3-fold increase in antiviral activity against HSV-1 and could be more efficient than the free drug solution.
